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age type at a location, corrected NDFN
UIP values can be estimated from un-
corrected values using the prediction
equation.
In summary, the results of Experi-
ments 1, 2, 3 and 4 imply all tested
modifications can be implemented into
an improved method. Such a method
will save time and money relative to the
standard in situ procedure and will pro-
vide more accurate estimates of forage
protein degradability. Information ob-
tained by this method will contribute to
more accurate use of the 1996 NRC
Beef Cattle software.
1Ryan Mass and Greg Lardy, research
technicians; Rick Grant, Associate Professor; and
Terry Klopfenstein, Professor, Animal Science,
Lincoln.
Table 1. Regression equations for correcting the rate of in situ neutral detergent fiber nitrogen
(NDFN) digestion for an undegradable fraction.
Sample Set n Equation r2
Native Winter Range 24 .468 + 1.174X + .023X2 .952
Cornstalks 24 .584 + .956X + .035X2 .946
Vegetative Cool-Season 36 .176 + 1.221X + .051X2 .804
Grasses
Combination of all sets 84 .400 + 1.227X + .028X2 .854
X = uncorrected rate of digestion calculated from 2 and 12-hour in situ NDFN content
of correcting the NDFN kd for an
undegraded nitrogen fraction. The
amount remaining after 96 hours was
assumed to be undegradable in the
rumen.
Regression equations describing the
effect of correcting for an undegradable
UIP fraction are shown in Table 1. The
equations explain a high proportion of
the variation in NDFN kd (i.e. r2 >.80).
Equations for cornstalks and native
winter range were not statistically
different.These results imply a close
relationship exists between the two
methods of calculating kd. When equa-
tions are developed for a particular for-







The potential exists to use an
explosively-generated shock wave
in water to tenderize beef. No det-
rimental changes to product dis-
play or shelf stability characteristics
are created by the Hydrodyne pro-
cess.
Summary
Detonating a small explosive within
a water-filled, stainless steel tank, cre-
ates a shock wave which penetrates
vacuum-packaged meat. The acousti-
cal match between water and meat
caused an immediate and significant
(P<.05) reduction in shear force. After
an additional 10 days of aging, no
tenderness differences (P>.05) were
detected. Hydrodyne created no differ-
ences in pH, sarcomere length, purge,
oxidative rancidity, bacterial counts
(anaerobic or aerobic) or panel color
ratings for either cut. Treated samples
had higher Hunter L* values. The
Hydrodyne process can tenderize
unaged meat with no detriment to prod-
uct display or shelf stability character-
istics.
Introduction
Tenderness, the primary factor de-
termining palatability and overall con-
sumer satisfaction of meat, is
inconsistent, creating significant con-
sumer concern. Therefore, technolo-
gies to enhance tenderness can improve
both product quality and customer sat-
isfaction.
In the Hydrodyne process, vacuum-
packaged meat is placed within a stain-
less steel hemispherical tank and im-
mersed in water. Detonation of a small
amount of explosive within the water
generates a shock wave which pen-
etrates the meat, strikes the sides of the
tank and reflects back through the meat.
The entire process takes place in an
encapsulated steel tank to contain the
explosion and the resulting water splash.
The shock wave generates up to
10,000 psi of force which appears to
cause immediate and significant reduc-
tion in shear force. One reason for the
technique’s effectiveness is the acous-
tical match between the liquid medium
(water) and the meat, which is 70-75%
water. Connective tissues and bone seem
less affected by the process.
Severe disruption of the muscle ul-
trastructure might be expected to con-
tribute to enhanced proteolysis and
oxidation, creating enhanced tender-
ness but reduced retail storage life. This
research was conducted to determine
the effect of the Hydrodyne process on
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tenderness, oxidative rancidity, color
and microbial growth during storage
and retail display of beef.
Procedure
Sixteen beef strip loins and 16 rounds
(8 Control [C] and 8 Hydrodyne [H]
each) were selected, vacuum-packaged
and shipped to the Hydrodyne facility
(Buena Vista, VA) for testing. Five
days postmortem, the meat was placed
within the water-filled hemispherical
tank. The explosive mixture (ammo-
nium nitrate and nitromethane) was
positioned in the water 18 in. from the
bottom of the tank and detonated. The
resulting shock force was estimated to
be 4,000 psi.
All meat was then transported to the
Beltsville Agricultural Research Cen-
ter in Beltsville, Maryland and repre-
sentative samples were removed,
repackaged and shipped on ice to the
University of Nebraska, Lincoln, Ne-
braska. Samples were taken at three
different periods: after shipping, after
storage and after retail display. Follow-
ing shipping, strip loins were sampled
(day 7), repackaged in vacuum and
stored an additional 10 days at 40oF
before sampling during the beginning
and end of a retail display period. Top
rounds were sampled (day 10), pack-
aged and stored an additional 7 days
before sampling as previously described.
Analysis of pH, purge, thiobarbituric
acid-reactive substances (TBARS),
aerobic plate count and anaerobic plate
count were conducted after a shipping
period, at the beginning and at the end
of a retail display period (day 7, 17, 21
for strip loins and day 10, 17, 21 for top
rounds). Panel discoloration scores (lean
color, surface uniformity and surface
discoloration) and Hunter colorimeter
lab values were obtained for both cuts
each day of the retail display period.
Warner-Bratzler shear force (day 7, 17)
and sarcomere length (day 7) were col-
lected only on strip loins.
For retail display, samples were ran-
domly positioned in the retail case and
repositioned each day. Samples were
maintained at 40oF with light ranging
from 20-50 foot candles. Strip loin steaks
were broiled to an internal temperature
of 158oF and as many .5- in diameter
cores were obtained as possible (8-10
cores). The cores were sheared parallel
to the long axis of the muscle fiber.
Cooking loss and cooking time were
also recorded.
Results
Hydrodyne treatment of the strip
loins caused a significant decline in
shear force (Table 1) measured two
days after treatment (7 days postmor-
tem). This was an immediate and mean-
ingful decline. An extended aging period
(17 days postmortem), removed the ten-
derness benefits of the process (no dif-
ference in shear force). It is interesting
to note that shear force was generally
acceptable in all samples (<7.72 lbs),
yet Hydrodyne still proved beneficial.
Previous research on the process indi-
cated over-tenderization does not seem
to occur and that tough longissimus
muscles seem to benefit more from
Hydrodyne treatment than tender long-
issimus muscles. These data suggest
aging may allow untreated meat to reach
a similar level of tenderness. A study to
compare aging time and Hydrodyne
treatment is needed to determine the
extent to which tenderness benefits of
aging supersede the benefits from the
Hydrodyne process. Insufficient sam-
ples were collected from the top round
to permit an assessment of shear force
in these muscles.
No differences among the treatments
were consistently found in muscle pH,
sarcomere length or purge for either
cut. All samples exhibited a high amount
of purge, probably due to temperature
fluctuations during the shipping period.
This may have masked any treatment
differences.
It was anticipated that Hydrodyne
treatment might enhance oxidative ran-
cidity before retail storage. All TBARS
(a measure of rancidity) were below
0.4. This is well below 1.0, the point at
which rancidity is usually detected. In
this study, extended retail display after
an extended storage period increased
the amount of thiobarbituric acid-reac-
tive substances (Table 1). However, no
differences among treatments were re-
vealed for either cut (.34 [H] vs .36 [C]
in strip loins, d7 and .26 [H] vs .25 [C]
in top rounds, d10). There was a trend
for Hydrodyne-treated strip loins to have
a lower TBARS readings after extended
retail display, but this difference was
not consistent enough to be significant
(.83 [H] vs 1.28 [C] for the strip loins
(P>.05) and 1.48 [H] vs. 1.37 [C] for the
top rounds (P>.05). Thus, it appears the
Hydrodyne process does not compro-
mise rancidity, which impacts flavor
stability.
It should be noted that while micro-
bial numbers were extremely low (<500
cfu/square in), in all cases, the
Hydrodyne-treated rounds possessed
slightly, but significantly, higher
Table 1. Characteristics of Hydrodyne-treated beef strip loins and top rounds.
Strip loins - time post-mortem Top Rounds - time post-mortem
d7 d17 d21 d10 d17 d21
Trait Ca Ha C H C H C H C H C H
Shear force, lb 7.12c 6.20d 5.60d 5.84d — — — — — — — —
TBARSb .36c .34c .20c .21c 1.28d .83d .25c .26c .18c .32c 1.37d 1.48d
Aerobic plate count, cfu/in2 73.2c 38.0c 52.4c 53.4c 453.0d 124.9c 61.9c 30.8c 50.0c 16.9c 477.1c 71.8c
Anaerobic plate count, cfu/in2 55.7c 63.3c 14.8d 5.3d 12.2d 5.8d 4.1c 27.6d 8.5c 4.2c 1.4c 4.4c
aC=Control (untreated); H=Hydrodyne - Treated.
bTBARS=Thiobarbituric acid - reactive substances, a measure of rancidity.
c,dMeans in the same row bearing different superscripts are different (P<.05).
(Continued on next page)
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numbers of anaerobic microbes after
storage and shipping, which did not
carry through retail display. Previous
research suggested a slight but signifi-
cant reduction in microbial numbers
when the Hydrodyne process was ap-
plied. A similar trend noted for aerobic
plate count in the strip loin and round
samples was attributable to a single
sample of each muscle with a much
higher count than all other samples,
regardless of treatment (Table 1). No
credible reason could be found for ex-
cluding the data points. As expected,
the number of anaerobic micro-organ-
isms declined during retail display. No
differences were detected at the initia-
tion or the conclusion of the retail dis-
play period.
Lean color, surface uniformity and
surface discoloration panel scores
revealed no differences among treat-
ments in either cut. Hunter color L*
values were higher in the Hydrodyne
strip loins and top rounds, indicating
Hydrodyne was slightly lighter
(P<.05) than the control (43.84 [H]
vs. 41.70 [C] for the strip loins and
45.34 [H] vs. 44.53 [C] for the top
rounds). These data indicate the
Hydrodyne process can tenderize
unaged meat with no detriment to
product display or shelf stability char-
acteristics. Further study on the process
is needed to clarify the Hydrodyne/
aging relationship and to refine the
technique prior to commercialization.
1Bernadette O’Rourke, graduate student; Chris
Calkins, professor; Rose Rosario, research
technician, Animal Science, Lincoln. Morse
Solomon, researcher, USDA, ARS, Meat Science
Lab, Beltsville, MD and John Long, Hydrodyne,
Inc., San Juan, PR.
